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GENERAL

Much work going on, mainly in the U.S,,
Japan and Europe

Will present liquefaction results
involving CoE, UC-Davis, Cambridge
(UK), RPI, and Nat. Central U. (Taiwan)

Three main subjects;
- Liguefaction and lateral spreading
- Effects on pile foundations
- Effects on dykes and dams




Earthquake Engineering Research and
Development Center (US Army CoE)




Effect of Depth on Liquefaction (CoE)
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D. = 75% Results

Sharp (1999)




Ground Surface Lateral Deformation
Versus g, for 10m and 6m Deposits

Sharp (1999)




Quay Wall Model (Kobe 1995)
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Ground Deformations Behind Quay
Wall
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Ground Displacement Vectors
Behind Quay Wall

Magnitude
2.68+

2.46 to 2.68
Test No: QWTEST3 2.24 to 2.46

Test Conditions: 120g, Water 2.02 to 2.24
Max. Acceleration: 0.15g 1.80 to 2.02
1.58 to 1.80
1.36 to 1.58
1.14 to 1.36
0.92 to 1.14
0.70 to 0.92
0.48 to 0.70
L 0.26t0 0.48

Lee et al. (1999)




[Lateral Ground Displacement
Spatial Variation
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Pile Damage due to Soil Liquefaction,
Kobe 1995
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LLateral Resistance Between Pile and
Liquefying Sand

Wilson, Boulanger and Kutter (2000




Lateral Resistance Between Pile and
Liquefying Sand

Wilson, Boulanger and Kutter (2000)




L.ateral Resistance Between Pile and
Liquefying Sand

Wilson, Boulanger and Kutter (2000)




Effect of Lateral Spreading on Pile + =
in Two-Layer Soil Profile

o
Nevada sand (40%)
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Effect of Lateral Spreading on Pile in
Two-Layer Soil Profile
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Different Pile Models in Two-Layer Soil | +
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[Limit Equilibrium Results

Drilled Driven
[ Single pile with no cap
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EARTHQUAKE DAMAGE ¢ INTEVEP

Oil Production, Venezula
Steedman and Habibian (1987)




EARTHQUAKE DAMAGE ¢ INTEVEP
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EARTHQUAKE DAMAGE ¢ INTEVEP

Cambridge University
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Embankments on Liquefiable Soil

I(I)g = : Accelerometer

o :Pore Pre. Transducer
Pore Fluid: r :LVDT

Methylcelulose 50 times water viscosity
45 m 3m ) )
Markers for Horizontal& Vertical
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Tests:

SERIES 1 | Vary depth of loose layer in
foundation

SERIES 2 | Vary thickness of loose layer
in foundation

SERIES 3 | Vary location of loose layer
in foundation

Loose: Dr=35%, Dense: Dr=70%

Adalier et al. (2001)




Embankments on Liquefiable Soil

Adalier et al. (2001)




Measured Displacement Vector Field

Magnitude

1.02+

0.93 to 1.02
0.84 to 0.93
0.75 to 0.84
0.65 to 0.75
0.56 to 0.65
0.47 to 0.56

Test No: RPI/WES I-1R g;g to gg;
Test Conditions: 100g 0'19 ::: 0.28
Pore Fluid: 50 times viscosity of water ) )

0.09 to 0.19
Base Input: 0.18g, 30cy, 1.5 Hz 1| 0.00 t0 0.09

Units: meters

[pstream

Adalier et al. (2001)




CONCLUSIONS

® Liquefaction and effects on foundations and
embankments important and complicated; very
difficult to model analytically

® Centrifuge ideal tool to clarify mechanics,
develop engineering procedures, calibrate
analysis tools

® Centrifuge results agree pretty well with field
case histories when available

® Examples: CPT, quay walls Kobe 1995, pile
dynamic response, liquefied soil pressure on
piles, earth embankments on liquefiable soil




Recent Developments on Physical and Centrifuge Modeling of Liquefaction, Lateral Spreading and Their Effects on Deep Foundations

(Dobry and Abdoun, 2001)

Item Explanation References

1. SOA Reviews Publication of several SOA reviews, general discussions and Schofield and Steedman (1988)
physical model test compilations relevant to liquefaction, seismic | Steedman (1991)
centrifuge testing, and effects of liquefaction on foundations Finn (1991)

Ishihara and Takeuchi (1991)
Dobry and Liu (1992)

Ko (1994)

Dobry (1995)

Kutter (1995)

Dobry et al. (1995)

Dobry and Abdoun (1998)
Ishihara and Cubrinovski (1998)
Kutter and Balakrishnan (1998)
Ko and Dewoolkar (1999)

2. Pilesin Level Ground

Centrifuge and 1g shaking table model tests of instrumented deep
foundationsin level soil profilesincluding liquefiable soil (C =
centrifuge tests; 1g = shaking table or other tests at 1g; PG = tests
included pile groups)

Sato et a. (1995) C, PG

Liu and Dobry (1995, 2001) C
Kagawa et al. (1995) 1g, PG
Sakajo et al. (1995) 1g, PG
Boulanger et a. (1997) C, PG
Wilson (1998) C, PG

Wilson et al. (1998, 1999, 2000) C
Koseki et al. (1998) C

Taji et al. (1998) C, PG

Adachi et al. (1998) C, PG
Cubrinovski et al. (1999) 1g, PG

3. Pilesin Sloping Ground or Behind
Retaining Structure (effect of lateral
spreading on deep foundation)

Centrifuge and 1g (mostly shaking table) model tests of
instrumented deep foundations in sloping ground or behind
retaining structure, with soil profile including liquefiable soil (C =
centrifuge tests; 1g = shaking table or other tests at 1g; RS = tests
included retaining structure; PG = testsincluded pile groups)

Tokidaet al. (1992) 1g, PG
Towhata (1995) 1g

Abdoun et al. (1996) C

Dobry et a. (1996) C

Yasudaet al. (1996) 1g, RS
Ohtomo (1996) 1g, PG

Abdoun (1997) C, PG

Tamura and Azuma (1997) 1g, RS
Abdoun and Dobry (1998) C
Satoh et al. (1998) C, RS
Fujiwaraet al. (1998) C, RS
Takahashi et al. (1998) C, RS, PG
Sato and Zhang (1998) C, RS, PG
Horikoshi et al. (1998a,b) C, RS
Ramos (1999) C

Ramos et al. (1999, 2000) C
Hamada (2000) 1g
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